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ABSTRACT 
Water samples taken from the Illinois River on 5 October and 22 April 1977 
inhibited the beating of the cilia on isolated clam gills, withintwo hours 
of exposure. The April sample was significantly more toxic than the Octo- 
ber sample. Sediment taken on 14 December 1970 from Quiver Lake, a bottom- 
land lake which receives sediment from the Illinois River and where finger- 
nail clams were abundant prior to a die-off in 1955-58, was toxic to isolated 
clam gills. A sediment layer from the 2.6-5.1 cm depth showed the greatest 
toxicity, the 0-2.5 cm depth the next greatest toxicity, and deeper layers 
showed significantly less toxicity. From 3 April to 8 May 1980, intact 
fingernail clams were exposed to raw Illinois River water (containing sus- 
pended sediment), clean well water, and raw river water subjected to three 
treatments: (a) sand filtration (b) sand filtration + carbon filtration 
(c) sand filtration + clinoptilolite filtration. After two weeks of exposure, 
clams in raw river water suffered significantly greater mortality (42.5%) 
than other clams. After six weeks of exposure, 62.5% of the clams in raw 
river water had died, the next highest mortality (47.5%) occurred in sand- 
filtered water, and mortality in the other two treatments did not differ 
significantly from the well-water controls (24% mortality). The clams 
probably survived better in the treated water for two reasons: (1) clinop- 
tilolite and carbon each removed ammonia, which is found in Illinois River 
water and which is toxic to fingernail clams (2) the additional physical 
filtration provided by the charcoal and clinoptilolite removed additional 
sediment, which contains unidentified toxic factors. Surviving clams 
grew better in river water and treated river water than in clean well water, 
probably because they fed upon fine organic matter which passed through the 
filters. The latter results indicate that the unidentified toxic factor 
acts directly on the clams, rather than indirectly by affecting their food 
supply. The rapid assay, using fingernail clam gills, and the deletion 
bioassay, where toxic components are selectively removed from raw water 
samples and the corresponding reduction in toxicity measured, are promising 
means of identifying effective treatments for complex wastes and polluted 
streams. 
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INTRODUCTION AND BACKGROUND 
Richardson (1921, 1928) conducted surveys of the bottom fauna in 
the Illinois River and found that fingernail clams and snails were abundant 
or common in a 180-mile section of the river between the mouth and the 
upper end of Peoria Lake (Figure 1) during the years 1913-1915. The clam 
populstion declined after 1915 from river miles 80.1 to 180.5 (river 
miles are measured upstream from the confluence with the Mississippi River) 
as a result of the increased sewage pollution from the Chicago Sanitary and 
Ship Canal which opened January 1, 1900, and diverted Chicago sewage from 
Lake Michigan to the Illinois River. Degradation of the bottom progressed 
downstream at a rate of 8 to 16 miles per year (Richardson 1921). The 
bottom fauna exhibited a recovery pattern from 1920 to 1925 (Richardson 
1921, 1928), probably in response to the installation of sewage and 
industrial waste treatment facilities in the Illinois Valley. 
After 1925 there is a gap in bottom fauna data until a 1964 survey 
by Starrett and Paloumpis (1964). Starrett and Paloumpis found no finger- 
nail clams in the Illinois River above Beardstown (river mile 86.9), so 
the clams had died out in a 100-mile section of the river sometime between 
1925 and 1964. Anderson (1977) surveyed the bottom fauna in the Illinois 
River in 1975. Distribution of fingernail clams in the Illinois River in 
1975 was essentially the same as it was in 1964. However, there appeared 
to have been a drastic decrease or loss of snails in the lower Illinois 
River. Although Starrett and Paloumpis (1964) found no snails above 
2 
Beardstown, they reported an average of 34/m from Beardstown to Grafton; 
no snails were collected in the 1975 study. 
There are three lines of evidence indicating that the die-off of 
fingernail clams occurred in the 1950's. Paloumpis and Starrett (1960) 
observed a die-off of fingernail clams in three Illinois River bottomland 
lakes in the 1950's. To use Quiver Lake as an example: in 1952, sphaeriid 
2 
clams, mainly MuscuZiwn transuerswn, occurred in numbers exceeding 20,00O/m . 
During the next four years, 1953-1956, populations of fingernail clams and 
certain snails declined to zero. A slight recovery occurred in the following 
two years. However, in 1973, Sparks (unpublished data in the files of 
the Illinois Natural History Survey) found no sphaeriids, snails, 
or aquatic insects in Quiver Lake at the same stations. 
A second line of evidence pointing to a 1950's die-off of 
benthic organisms is the abrupt decline in utilization of the Illinois 
Valley by lesser scaup ducks, which are one of the groups of diving 
ducks which feed on fingernail clams and snails (see Figure 2). Figure 
2'shows that lesser scaup utilization of the Mississippi River, where 
fingernail clams are still common, showed a less severe decline in the 
1950's than occurred in the Illinois Valley, followed by a recovery. 
Diving duck utilization of the Illinois River has never recovered to pre- 
1955 levels, indicating that fingernail clam populations have never 
recovered, since the diving ducks are quick to locate and utilize beds of 
clams. 
The third line of evidence comes from an examination of fish stomachs 
by Paloumpis and Starrett in the 1960's. Fingernail clams are a favorite food 
of carp and other bottom-feeding fish, and the fish can often locate and feed 
upon beds of clams which go undetected by a biologist. Fingernail clams 
formed 50.2% by volume of the food items taken by carp collected below Beards- 
town, but no clams were found in carp collected above Beardstown (Starrett 1972). 
The clams had evidently died out in the Illinois River above Beardstown prior 
to the 1960's. 
Although Anderson (1977) did not take any fingernail clams above 
mile 107 in 1975, other studies have shown that fingernail clams still 
occur in tributaries and in isolated pockets in the Illinois River. Biolo- 
gists from the Metropolitan Sanitary District of Greater Chicago collected 
fingernail clams in the Calumet River and in the Chicago River and its 
south branch in 1975 (Metropolitan Sanitary District of Greater Chicago 
1978). All locations were fairly close to inlets from Lake Michigan. 
Fingernail clams occur in the Des Plaines River above the entrance of the 
Chicago Sanitary and Ship Canal (personal communication, 1 June 1977. 
Mr. Thomas A. Butts, Illinois State Water Survey, Peoria, Illinois), and 
fingernail clams are regularly impinged on the intake screens at the R.S. 
Wallace Power Station located at river mile 162.5 on Lower Peoria Lake 
(personal communication, 1 June 1977, Mr. Guy R. McConnell, WAPORA, Inc., 
Charleston,  I l l i n o i s ) .  The f i n g e r n a i l  clams taken a t  t h e  power p l a n t  may 
have washed downstream from populat ions which managed t o  su rv ive  i n  a r e a s  
of Peo r i a  Lake where sp r ing  water  e n t e r s  through t h e  r i v e r  bottom. There 
a r e  s e v e r a l  a r e a s  i n  Peor ia  Lake, such a s  t h e  v i c i n i t y  of Spring Bay 
(miles 173.0-180.0), where sp r ing  water  i s  known t o  e n t e r  t h e  l a k e .  S t a r r e t t  
(1971) found, dur ing  a  mussel survey i n  1966, t h a t  i n  t h i s  reg ion  of 
Peo r i a  Lake t h e r e  was an i n c r e a s e  i n  t h e  d i s so lved  oxygen (2.0-6.0 mg/l 
d i sso lved  oxygen) and a  corresponding i n c r e a s e  i n  t h e  number of mussels 
c o l l e c t e d .  Between June and November, 1973, b i o l o g i s t s  from t h e  environ- 
ment consu l t i ng  f i rm ,  WAPORA, took 1  f i n g e r n a i l  clam i n  21 Ponar dredge 
samples nea r  Hennepin (mile  212.0) and 9  f i n g e r n a i l  clams i n  21 Ponar 
dredge samples near  Havana (mile 118.6) (WAPORA 1974). The I l l i n o i s  
Natura l  H i s to ry  Survey has  a l s o  c o l l e c t e d  f i n g e r n a i l  clams i n  Quiver Creek, 
a  t r i b u t a r y  of t h e  I l l i n o i s  River nea r  Havana. I n  t h e  reach of t h e  I l l i n o i s  
River from mi l e  89.0 t o  mi l e  145.3, which inc ludes  t h e  Havana r eg ion ,  a  
bedrock v a l l e y  o v e r l a i n  w i th  sand d e p o s i t s  l i e s  t o  t h e  e a s t  of t h e  I l l i n o i s  
River.  Groundwater flows through t h e  sand i n t o  t h e  I l l i n o i s  River a t  t h e  
r a t e  of about 8.75 m 3 / s  (309 c f s )  during low-flow cond i t i ons  (Singh and 
S t a l l  1973). The good q u a l i t y  groundwater flowing i n t o  t h e  r i v e r  a long 
t h e  sandy e a s t e r n  b l u f f s  may make some a r e a s  margina l ly  s u i t a b l e  f o r  f inger -  
n a i l  clams. However, t h e  clams apparent ly  a r e  s t i l l  not  abundant enough 
h e r e  o r  i n  Peo r i a  Lake t o  a t t r a c t  and hold l a r g e  f l o c k s  of d iv ing  ducks 
(personal  communication, 1  June 1977, M r .  Robert Crompton, W i l d l i f e  
F i e l d  A s s i s t a n t ,  I l l i n o i s  Natural  His tory  Survey). 
Since f i n g e r n a i l  clams go through an e n t i r e  l i f e  c y c l e  i n  33 days 
(Gale 1969), they  a r e  capable of qu ick ly  repopula t ing  an a r e a  from which 
they  have been e l imina ted .  There is some f a c t o r  i n  t h e  I l l i n o i s  River 
which c u r r e n t l y  prevents  r eco lon iza t ion  of t h e  r i v e r  from t h e  r e s i d u a l  
popula t ions  remaining i n  Peor ia  Lake and t h e  t r i b u t a r y  s t reams.  
The same unknown f a c t o r  which i s  a f f e c t i n g  f i n g e r n a i l  clams i n  
t h e  I l l i n o i s  River ,  may a l s o  be a f f e c t i n g  clams i n  o t h e r  Midwestern 
r i v e r s .  For example, t h e  I l l i n o i s  Natural  His tory  Survey documented a  
d e c l i n e  i n  t h e  popula t ion  and growth r a t e  of f i n g e r n a i l  clams i n  t h e  
Keokuk Pool,  M i s s i s s i p p i  River i n  1976 and 1977. The reduct ion  i n  t h e  
popula t ion  of f i n g e r n a i l  clams apparent ly  had an impact on d iv ing  duck 
use  of Keokuk Pool,  s i n c e  t h e r e  was a  49% decrease  i n  t h e  peak popula t ion  
of .34 mg/l  ( a s  un- ionized ammonia n i t r o g e n ,  NH - N ) ,  which do occur  3  
o c c a s i o n a l l y  i n  t h e  upper  r e a c h e s  of t h e  I l l i n o i s  River .  
The r e s e a r c h  d e s c r i b e d  i n  t h i s  r e p o r t  is a  follow-up t o  t h e  e a r l i e r  
work. We completed t h e  fo l lowing  t a s k s :  (1) development of improved methods 
f o r  m a i n t a i n i n g  f i n g e r n a i l  clams i n  t h e  l a b o r a t o r y ;  (2 )  d e t e r m i n a t i o n  of 
t o x i c i t y  t o  clam g i l l s  of d i f f e r e n t  l a y e r s  o f  sediment  from t h e  I l l i n o i s  
R i v e r ;  (3 )  d e t e r m i n a t i o n  of e f f e c t s  of raw I l l i n o i s  R i v e r  wa te r  and sediment 
on i n t a c t  clams; and (4 )  d e t e r m i n a t i o n  of e f f e c t s  on i n t a c t  clams of raw 
I l l i n o i s  R i v e r  water t r e a t e d  t o  remove c e r t a i n  components, i n c l u d i n g  ammonia 
and sediment .  The f o l l o w i n g  p r o j e c t  o b j e c t i v e s  were - n o t  ach ieved :  (1) a n a l y s i s  
of s h e l l s  and t i s s u e s  of clams exposed t o  t r e a t e d  and u n t r e a t e d  r i v e r  w a t e r  
by microprobe t e c h n i q u e s ;  (2 )  a n a l y s i s  of t r e a t e d  and u n t r e a t e d  r i v e r  wa te r  by 
x-ray d i f f r a c t i o n ;  (3) t e s t i n g  of t h e  e f f e c t s  of t r e a t e d  r i v e r  wa te r  on clam 
g i l l s ;  and (4 )  i d e n t i f i c a t i o n  of t h e  t o x i c  f a c t o r  i n  I l l i n o i s  R i v e r  w a t e r  and 
sed iment ,  which p r e v e n t s  f i n g e r n a i l  clams from r e c o l o n i z i n g  p o r t i o n s  of t h e  
r i v e r  where they  were fo rmer ly  abundant .  
Figure  3. Bioassay Laboratory. The p ropor t iona l  d i l u t e r  ( r i g h t )  suppl ied  
w e l l  water  and a lgae  t o  t h e  s t o c k  aquar ia .  
A smal l  sample of mud from t h e  aquarium was passed through a 30-mesh 
s i e v e  t o  s e p a r a t e  organisms. Twenty smal l  clams (MuscuZiwn transverswn, 2-3 mm 
i n  s h e l l  l eng th )  were separa ted  from d e t r i t u s  and o t h e r  organisms under a 
microscope and placed i n  a 100-mm p e t r i  d i sh .  Two p e t r i  d i shes ,  conta in ing  
20 clams each, were placed on top  of t h e  mud i n  t h e  s t o c k  tank ,  and removed 
a t  2-week i n t e r v a l s  t o  measure t h e  s h e l l s  and count t h e  number of l i v e  clams. 
d i s h e s  c o n t a i n i n g  clams and s i e v e d  sediment were p l a c e d  i n  b a r e  a q u a r i a  
con ta in ingno  o t h e r  clams o r  sed iment ,  f o l l o w i n g  a s u g g e s t i o n  by Gale 
(1972:22) t h a t  t h e  decomposing remains of dead clams may induce  a  r e s t i n g  
s t a t e  (no growth) i n  l i v e  clams k e p t  i n  t h e  same c o n t a i n e r .  
Water tempera tu res  and d i s s o l v e d  oxygen c o n c e n t r a t i o n s  i n  t h e  s t o c k  
a q u a r i a  were measured 5  t i m e s  a week, pH 2 o r  3  t i m e s  p e r  week, and a l k a l i n i t y  
once a  week. R e s u l t s  are r e p o r t e d  i n  Tab le  1. 
ADDITION BIOASSAYS, USING CLAM GILLS 
During Phase  I of t h i s  p r o j e c t ,  w a t e r  samples from t h e  I l l i n o i s  
River  and sediment  samples from a n  a d j a c e n t  backwater l a k e  connected t o  
t h e  r i v e r  were  c o l l e c t e d  and t e s t e d  on f i n g e r n a i l  clam g i l l s .  Not a l l  t h e  
r e s u l t s  had been ana lyzed  and graphed a t  t h e  t i m e  t h e  Phase  I Report  was 
p r e p a r e d  (Anderson e t  a l .  1978) ,  s o  t h e  methods and r e s u l t s  a r e  p r e s e n t e d  
i n  t h i s  r e p o r t .  S i n c e  sediment o r  r i v e r  w a t e r  were added t o  c l e a n  w a t e r ,  
t h e s e  t e s t s  are c a l l e d  addition bioassays. 
Sediment 
On 14 December 1976 a sediment  c o r e  was t a k e n  from Quiver  Lake, 
which opens  i n t o  t h e  I l l i n o i s  River  a t  Havana. Quiver Lake was t h e  l o c a t i o n  
where Paloumpis and S t a r r e t t  (1960) documented a die-off  of f i n g e r n a i l  clams 
i n  1955-58, and where Sparks  f a i l e d  t o  f i n d  any l i v e  clams i n  1973. The 
c o r e  was e x t r u d e d  from t h e  10-cm d iamete r  s teel  c o r e r  o n t o  a p l a s t i c  t r a y ,  
and d i v i d e d  i n t o  t h e  f o l l o w i n g  segments:  (1 )  s u r f a c e  t o  2.5 cm d e p t h  
(2)  2.6-5.1 cm d e p t h  (3)  5.2-7.6 cm d e p t h  (4)  7.7-10.2 cm dep th .  Each 
segment of t h e  c o r e  was p l a c e d  i n  a s e p a r a t e  jar and sh ipped  t o  Sou thern  
I l l i n o i s  U n i v e r s i t y  f o r  t e s t i n g .  A t  Southern I l l i n o i s  U n i v e r s i t y ,  t h e  
c o r e  segments were  s t o r e d  o v e r n i g h t  i n  a  r e f r i g e r a t o r ,  warmed t o  room temper- 
a t u r e  t h e  n e x t  day,  and used immediately.  Equal volumes of wet mud from 
each  c o r e  segment were  p l a c e d  i n  1 l i t e r  of i n v e r t e b r a t e  p h y s i o l o g i c a l  
s o l u t i o n , m a k i n g  four test s o l u t i o n s  i n  a l l .  A f t e r  t h e  e f f e c t s  on t h e  clam 
g i l l s  were  de te rmined ,  a measured volume of test s o l u t i o n  was passed  through 
a  membrane f i l t e r ,  a i r  d r i e d ,  and weighed. The sediment c o n c e n t r a t i o n  ( i n  mg 
p e r  l i t e r )  was t h e n  c a l c u l a t e d .  The average  p a r t i c l e  s i z e  was measured under 
sc reen  of t h e  pump. The pump was capable  of g r ind ing  up and pas s ing  3.8- 
cm s o l i d s ,  b u t  t h e  p r o t e c t i v e  i n t a k e  s c r een  was approximately 1-cm mesh. 
A smal l  pump c i r c u l a t e d  t h e  water  i n  t h e  r e s e r v o i r ,  t o  keep t h e  sediments 
from s e t t l i n g  o u t ,  and suppl ied  a head box which d e l i v e r e d  water  by g r a v i t y  
flow t o  t h e  test  chambers and t rea tment  systems desc r ibed  below. A l l  
p a r t s  of t h e  d e l i v e r y  water  system were made o u t  of nontoxic  m a t e r i a l s ,  
i nc lud ing  g l a s s ,  po lye thylene ,  t e f l o n ,  nylon and s i l i c o n e  rubber .  The 
only except ion  was t h e  meta l  impe l l e r  of t h e  pump, b u t  ana lyses  by atomic 
abso rp t ion  and flame emission spectroscopy showed no d i f f e r e n c e s  i n  metal  
concen t r a t i ons  between water  samples taken  s imultaneously a t  t h e  i n t a k e  and 
i n  t h e  r e s e r v o i r .  
F igure  4 shows how t h e  raw r i v e r  water  was t r e a t e d  t o  remove 
c e r t a i n  components, hence t h e s e  tests a r e  c a l l e d  deletion bioassays. 
EXPERIMENTAL DESIGN: DELETION BIOASSAYS 
CLAM TEST CHAMBER 
No. 1 
n 7 CHARCOAL FI LTER 
KAW 
ILLINOIS 
Y CLAM TEST CHAMBER WATER No, 3 8 SEDIMENT - n CLINOPTI LOLITE 1 
CLEAN WELL WATER CLAM TEST CHAMBER No. 5 
Figure  4. Schematic Diagram of De le t i on  Bioassay. 
The o u t l e t  a t  t h e  bottom of each garbage can was covered wi th  p l a s t i c  
s c reen  and a  pad of f i b e r g l a s s  i n  t h e  bottom of t h e  can kept  t h e  media from 
plugging t h e  o u t l e t .  Sand, charcoa l ,  o r  c l i n o  was added nex t ,  and covered 
wi th  another  pad of f i b e r g l a s s  which could be  removed e a s i l y  and washed. 
Water flowed by g r a v i t y  from t h e  cons tan t  head box t o  t h e  sand f i l t e r ,  then 
t o  t h e  o t h e r  f i l t e r s  o r  t e s t  chambers. 
The t e s t  chambers were 37 .8 - l i t e r  g l a s s  aqua r i a  w i t h  o u t l e t s  t o  
maintain t h e  volume a t  23 l i t e r s .  The t e s t  chambers were immersed i n  a  
water  ba th  t o  c o n t r o l  water  temperature.  Water flow from t h e  d e l e t i o n  
appara tus  i n t o  t h e  t e s t  chambers was approximately 100 m l  per  minute and 
was checked 3 t imes a  day. Sediment occas iona l ly  clogged t h e  d e l i v e r y  
tubes ove rn igh t ,  bu t  because of t h e  l a r g e  volume of t h e  t e s t  chambers i n  
r e l a t i o n  t o  t h e  small  s i z e  and oxygen requirements of t h e  clams, oxygen 
l e v e l s  i n  t h e  t e s t  chambers d id  not  dec l ine .  The maximum leng th  of t ime 
t h e  flows could have stopped was 12 hours ,  and we do not  f e e l  t h a t  t hese  
in f r equen t  stoppages had any e f f e c t s  on t h e  r e s u l t s  of our  d e l e t i o n  bio- 
a s says ,  which l a s t e d  3-6 weeks. 
During d e l e t i o n  b ioassay  number 1, a  50-ml p i p e t t e  was used t o  
d e l i v e r  t h e  concentrated a l g a l  suspension t o  each t e s t  chamber twice a  
day. However, high concent ra t ions  of a lgae  could no t  be  maintained i n  t h e  
t e s t  chambers w i th  p i p e t t e  feeding.  An automatic  feeding  system ( sepa ra t e  
from t h e  one used on t h e  s tock  aquar ia )  de l ive red  100 m l  of a l g a l  suspension 
t o  each t e s t  chamber every 5 minutes dur ing  d e l e t i o n  b ioassay  number 2. Algal 
concen t r a t ions  were measured by procedures descr ibed  i n  Standard Methods 
(American Pub l i c  Heal th  ~ s s o c i a t i o n  1976: 1024-26). 
Clams from s tocks  number 8 ( c o l l e c t e d  2 1  June 1979) and 11 (co l l ec t ed  
20 March 1980) were used i n  d e l e t i o n  b ioassays  1 and 2, r e spec t ive ly .  The 
procedures were t h e  same a s  i n  t h e  c u l t u r e  t e s t s :  (1) each t e s t  chamber 
he ld  2 p e t r i  d i shes  conta in ing  20 clams each ( f o r  a  t o t a l  of 40 clams 
exposed t o  each t e s t  s o l u t i o n ) ,  (2) t h e  clams were 2.4 t o  3.0 mm i n  s h e l l  
l ength ,  (3) clam s u r v i v a l  and growth were checked a t  2-week i n t e r v a l s ,  an2 
(4) s ieved  sediment c o l l e c t e d  from t h e  Miss i s s ipp i  River on t h e  same d a t e  
t h e  clams were c o l l e c t e d  was added t o  t h e  p e t r i  d i shes  a t  t h e  beginning 
of t h e  b ioassay  and a t  2-week in t e rva l s  t h e r e a f t e r .  
Water temperatures  and d isso lved  oxygen concent ra t ions  i n  t h e  t e s t  
chambers were measured 5 t imes a  week, pH 2 o r  3  t imes pe r  week, and a l k a l i n i t y  
R E S U L T S  AND D I S C U S S I O N  
RESULTS OF DIFFERENT CULTURE TECHNIQUES 
Water chemistry and temperature in the stock aquaria are given 
in Table 1. 
Clam Mortality 
Clam stocks 7-11 maintained during this phase of the research 
had lower mortalities after 2 and 4 weeks in the laboratory than stocks 
1-6 maintained during Phase I (Figures 6 and 7). The confidence limits 
1978 1979 A 1 9 8 0  
COLLECT I ON DATE 
Figure 6. Stock Clam Mortality at Two Weeks. Brackets indicate 95% 
confidence limits. a~ississippi River silt added, b~lgae 
added automatically every five minutes. 'Algae added by 
pipette twice a day. 
(1978 1979 L1980 
C O L L E C T I O N  D A T E  
F i g u r e  7. Stock C l a m  M o r t a l i t y  a t  Four Weeks. a ~ i s s i s s i p p i  R iver  s i l t  
added. b ~ l g a e  added a u t o m a t i c a l l y  e v e r y  f i v e  minutes .  CAlgae 
added by p i p e t t e  t w i c e  a day. d ~ l a m s  a f f e c t e d  by s t o p p a g e  of 
w a t e r  f low and a e r a t i o n  d u r i n g  a power f a i l u r e  which occur red  
between t h e  2-week and 4-week check.  
f o r  s t o c k  7  were much wider  t h a n  f o r  t h e  o t h e r  s t o c k s ,  because  of t h e  
s m a l l  i n i t i a l  sample s i z e  (20 clams i n  s t o c k  7, 40 i n  t h e  o t h e r s ) ,  
n e c e s s i t a t e d  by t h e  p a u c i t y  o f  small clams i n  t h e  bot tom samples  o b t a i n e d  
from t h e  M i s s i s s i p p i  R iver  on 4  June  1979. 
A d d i t i o n  of M i s s i s s i p p i  R iver  s i l t  t o  t h e  p e t r i  d i s h e s ,  s t a r t i n g  
w i t h  s t o c k  6 ,  improved clam s u r v i v a l ,  and a u t o m a t i c  f e e d i n g  o f  a l g a l  
s u s p e n s i o n s ,  s t a r t i n g  w i t h  s t o c k  9 ,  f u r t h e r  improved s u r v i v a l  ( F i g u r e s  6  
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6 The size (urn), weight (mg/l) and particle concentration (particles11 x 10 ) 
for each sediment layer, following dilution to make up a test solution, 
are given below (mean 2 standard deviation): 
Layer Size Weight 
Particle 
Concentration 
SEDIMENT CORE FROM 
QUIVER LAKE 
14  DECEMBER 1976 
I 
0-2.5 5,2-7.6 
SEDIMENT DEPTH (cm) 
Figure 8. Response of Clam Gills to Pour Layers of Sediment from Quiver 
Lake, Illinois River. 
that the degree of inhibition differed significantly between water 
samples taken on different dates (Figure 9), because the input of toxi- 
cant to the river could vary; the volume of flow in the river (hence 
the dilution) varies; and physical/chemical factors, such as toxicant 
absorption or desorption from sediment, may vary. 
DELETION BIOASSAYS, USING INTACT CLAMS 
Deletion Bioassay Number 1 
Deletion bioassay number 1 started on 29 June 1979. Water levels 
in the Illinois River during the bioassay are shown in Figure 10 and 
the water chemistry and temperature in Table 3. The test terminated 
DELETION BIOASSAY NO. 2 \ 
3 APRIL-15 MAY, 1980 
434 I 
DELETION BIOASSAY NO. 1 
430 
26 JUNE-7 AUGUST, 1979 
10 2 0 30 40 
DAYS OF EXPOSURE 
Figure 10. Water Levels in the Illinois River During Deletion 
Bioassays 1 and 2. 
prematurely on 7 August 1979 when a pump delivering well water to the 
control chamber failed and could not be repaired or replaced immediately. 
Clam Mortality. There were no significant differences in 
mortality between clams maintained in well water and in raw river water 
or treated river water (Figures 11 and 12, Table 4). 
FILTERED 
TEST CONDITIONS 
W ~ L L  1 SAND-F~LTERED* RAW 
Figure 11. Mortality of Clams Exposed to Well Water, Raw Illinois 
River Water and Treated River Water for Two Weeks in 
Deletion Bioassay Number 1. Brackets show 95% confidence 
limits. 
WATER CARBON- 
FILTERED 
RIVER WATER 
SAND-FILTERED SAND- 
tCLINOPTILOLl 'TE- FILTERED 
Clam Growth. Clams maintained in raw river water and sand- 
filtered water grew significantly more than clams exposed to other 
treatments (Figures 13 and 14, Table 4). 
SAND-FILTERED+ 
WATER CARBON- 
FILTERED 
SAND-FI LTERED SAND- 
tCLINOPTILOLITE- FILTERED 
FILTERED 
TEST CONDITIONS 
Figure 13. Shell Length of Clams Exposed to Well Water, Raw Illinois 
River Water and Treated River Water for Two Weeks in 
Deletion Bioassay Number 1. Brackets show 95% confidence 
limits. 
TABLE 4 
Resul t s  of Delet ion Bioassay No. 1 
Mean Mean 
S h e l l  Growth 
No. No. Length Var i- Standard Range Increment 
A 1  i v e  Missing (mm) ance Deviation cm> (mm> 
I n i t i a l  
cont ro l1  
sand-clino2 
sand-char 
sand4 
~ a w  
2 Weeks 
Control  
Sand-Clino 
Sand-Char 
Sand 
Raw 
4 Weeks 
Control  
Sand-Clino 
Sand-Char 
Sand 
Raw 
lwe l l  water 
2 r i v e r  water ,  f i l t e r e d  through sand and c l i n o p t i l o l i t e  
3 r i v e r  water ,  f i l t e r e d  through sand and charcoal  
4 r i v e r  water ,  f i l t e r e d  through sand 
5raw I l l i n o i s  River water  and s i l t  
suspension de l ive red  t o  t h e  t e s t  chambers dur ing  bioassay number 2  were: 
4  A p r i l  
16 A p r i l  
18 A p r i l  
24 A p r i l  
7 May 
1 4  May 
One hundred m l  of a l g a l  suspension was de l ive red  t o  each t e s t  
chamber every 5 minutes. The concent ra t ions  of a l g a e  de l ive red  t o  t h e  
t e s t  aqua r i a  dur ing  d e l e t i o n  b ioassay  number 2  a r e  of t h e  same order  of 
magnitude a s  t h e  t o t a l  green a lgae  (Chloroplyta)  numbers found i n  
Keokuk Pool ,  Mis s i s s ipp i  River ,  by Gale and Lowe (1971:508). 
Water chemistry and temperature i n  t h e  t e s t  chambers during 
b ioassay  2  a r e  repor ted  i n  Table 5. 
Clam Mor ta l i t y .  Clams exposed t o  raw I l l i n o i s  River water  
dur ing  d e l e t i o n  b ioassay  number 2  su f f e red  s i g n i f i c a n t l y  g r e a t e r  m o r t a l i t y  
than  a l l  o t h e r  groups a f t e r  2  weeks and 4  weeks of exposure (Table 6 ,  
F igures  15 and 16).  Af t e r  6 weeks, clams exposed t o  I l l i n o i s  River water  
had s i g n i f i c a n t l y  g r e a t e r  m o r t a l i t y  than a l l  groups except  t hose  clams 
exposed t o  s and- f i l t e r ed  I l l i n o i s  River  water  (Figure 17) .  The con t ro l  
group of clams, exposed t o  unchlor ina ted  w e l l  water ,  had t h e  lowest  
m o r t a l i t y  a f t e r  4  weeks and 6 weeks (Figures  16 and 17).  
Clam Growth. Although m o r t a l i t y  of f i n g e r n a i l  clams exposed 
t o  raw r i v e r  water  was high,  growth of t h e  su rv ivo r s  a f t e r  2  weeks and 
4  weeks of exposure was only s l i g h t l y  worse than  clams i n  t r e a t e d  water 
(Table 6 ,  F igures  18 and 19) and a f t e r  s i x  weeks, comparable t o  t h e  clams 
i n  t r e a t e d  water  (Table 6 and Figure 2 0 ) .  Clams i n  c l ean  w e l l  water  
showed t h e  poores t  growth of a l l ,  so  l a c k  of food may s t i l l  have been 
a f f e c t i n g  t h e  c o n t r o l  clams d e s p i t e  automatic  feeding  of a lgae .  Sedi- 
ments cont inuously accumulated i n  t e s t  chambers r ece iv ing  raw r i v e r  water  
a s  w e l l  a s  i n  chambers r ece iv ing  f i l t e r e d  r i v e r  water ,  bu t  no a d d i t i o n a l  
sediment accumulated i n  t h e  we l l  water  con t ro l .  A s  mentioned above, t h e  
TABLE 6 
Resul ts  of Deletion Bioassay No. 2 
Mean Mean 
S h e l l  Growth 
No. No. Length Var i- Standard Range Increment 
Alive Missing (mm> ance Deviation (mm> (mm> 
I n i t i a l  
Control l  4 0 
Sand-Clino2 40 
Sand-Char 3 4 0 
Sand4 4 0 
Raw 5 4 0 
2 Weeks 
Control 
Sand-Clino 
Sand-Char 
Sand 
Raw 
4 Weeks 
Control 
Sand-Clino 
Sand-Char 
Sand 
Raw 
6 Weeks 
Control 
Sand-Clino 
Sand-Char 
Sand 
Raw 
lwel l  water 
2 r i v e r  water ,  f i l t e r e d  through sand and c l i n o p t i l o l i t e  
3 r i v e r  water,  f i l t e r e d  through sand and charcoal  
' r ive r  water ,  f i l t e r e d  through sand 
=raw I l l i n o i s  River water and s i l t  
SAND-FILTERED+ 
WATER CARBON- 
F I L'TERED 
SAND-F ~ L T E R E D  S A ~ D -  
+CLINOPTILOLITE- FILTERED 
F I  LTERED 
TEST CON11 I T  IONS 
Figure 16. Mortality of Clams Exposed to Test Conditions for Four 
Weeks in Deletion Bioassay Number 2. 
SAND-F I LTERED+ 
WATER CARBON- RIVER WATER 
FILTERED 
I 
SAND-FILTERED 
I 
SAND- 
-. .. .- 
+CLINOPTILOLITE- FILTERED 
F I  LTERED 
TEST CONDITIONS 
Figure 18. Growth of Clams Exposed to Test Conditions for Two Weeks 
in Deletion Bioassay Number 2. aSee note in text (METHODS, 
page 17 ) regarding possibility of size-selective mortality, 
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SUMMARY 
1. I l l i n o i s  River  w a t e r  i s  t o x i c  t o  f i n g e r n a i l  clam g i l l s .  
Water samples t a k e n  from t h e  r i v e r  on 5  October 1977 and 22 A p r i l  1978 
i n h i b i t e d  t h e  b e a t i n g  o f  t h e  c i l i a  on i s o l a t e d  clam g i l l s ,  and t h e  A p r i l  
sample w a s  s i g n i f i c a n t l y  more t o x i c  t h a n  t h e  October sample. 
2. I l l i n o i s  River  sediment  i s  t o x i c  t o  f i n g e r n a i l  clam g i l l s .  
A sediment  c o r e  was t a k e n  from Quiver Lake, a  bot tomland l a k e  which 
r e c e i v e s  sediment  i n p u t  from t h e  I l l i n o i s  River  and where f i n g e r n a i l  
clams were  abundant p r i o r  t o  a  d ie -o f f  i n  1955-58. A sediment  l a y e r  
from t h e  2.6-5.1 cm d e p t h  showed t h e  g r e a t e s t  t o x i c i t y ,  t h e  0-2.5 cm 
d e p t h  t h e  n e x t  g r e a t e s t  t o x i c i t y ,  and d e e p e r  l a y e r s  showed s i g n i f i c a n t l y  
l e s s  t o x i c i t y .  Although t h e  sediment  l a y e r s  were n o t  d a t e d ,  t h i s  p a t t e r n  
of t o x i c i t y  i s  c o n s i s t e n t  w i t h  t h e  observed d i e - o f f .  Deeper,  hence  
o l d e r  l a y e r s  o f  sediment ,  do n o t  show t h e  t o x i c i t y  of t h e  s h a l l o w e r ,  
younger l a y e r s .  The d e c l i n e  i n  t o x i c i t y  i n  t h e  s u r f i c i a l  l a y e r  cou ld  
r e s u l t  from a  r e d u c t i o n  i n  t h e  i n p u t  of t o x i c a n t ,  o r  g r e a t e r  d i l u t i o n  of 
a s t e a d y  t o x i c a n t  i n p u t  by a n  i n c r e a s e d  sediment  i n p u t .  
3.  Raw w a t e r  from t h e  I l l i n o i s  R i v e r ,  c o n t a i n i n g  suspended s e d i -  
ment, i s  t o x i c  t o  i n t a c t  f i n g e r n a i l  clams. A f t e r  s i x  weeks of exposure ,  
62.5% of t h e  clams i n  raw r i v e r  w a t e r  d i e d .  The n e x t  h i g h e s t  m o r t a l i t y  
(47.5%) o c c u r r e d  i n  s a n d - f i l t e r e d  w a t e r ,  w h i l e  m o r t a l i t y  i n  t h e  o t h e r  two 
t r e a t m e n t s  ( c h a r c o a l  and c l i n o p t i l o l i t e  f i l t r a t i o n )  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  from t h e  m o r t a l i t y  of 24% i n  t h e  wel l -water  c o n t r o l s .  
The clams probab ly  s u r v i v e d  b e t t e r  i n  t h e  t r e a t e d  w a t e r  f o r  two r e a s o n s :  
(1 )  c l i n o p t i l o l i t e  and c h a r c o a l  each removed ammonia, which i s  found i n  
I l l i n o i s  R i v e r  w a t e r  and which i s  t o x i c  t o  f i n g e r n a i l  clams (2 )  t h e  
a d d i t i o n a l  p h y s i c a l  f i l t r a t i o n  p rov ided  by t h e  c h a r c o a l  and c l i n o p t i l o l i t e  
removed a d d i t i o n a l  sediment ,  which c o n t a i n s  u n i d e n t i f i e d  t o x i c  f a c t o r s .  
4 .  The t o x i c a n t  i s  f a i r l y  f a s t  a c t i n g ,  s i n c e  clams i n  raw r i v e r  
w a t e r  s u f f e r e d  42.5% m o r t a l i t y  w i t h i n  two weeks, and c i l i a r y  i n h i b i t i o n  
on i s o l a t e d  clam g i l l s  occur red  w i t h i n  two h o u r s  of exposure  t o  raw r i v e r  
w a t e r .  
5. The r e s u l t s  o f  b o t h  t h e  g i l l  a s s a y  and t h e  d e l e t i o n  a s s a y  show 
t h a t  t h e  t o x i c i t y  of t h e  r i v e r  v a r i e s  w i t h  t i m e ,  w i t h  A p r i l  1978 and A p r i l  
RECOMMENDATIONS 
This research has shown that Illinois River water and sediment 
are toxic to fingernail clams, but the research has not identified the 
specific toxicant or toxicants. The toxicant could be identified, using 
the gill bioassay developed in this research in conjunction with physical- 
chemical methods of partitioning water and sediment samples. We recommend 
the following approach: (1) take sediment cores from a series of lakes 
and pools along the entire Illinois River, where sediments are known to be 
accumulating, (2) use the gill bioassay (which provides results rapidly-- 
within hours) to determine where the "hot spots" of toxicity are along the 
river, and which layer of sediment within each "hot spot" contains the 
greatest toxicity, (3) take a large volume sample of the most toxic sediment 
layer from the lake with the most toxic sediment and chemically extract 
and partition the components of the sediment, (4) test the extracts and 
partitioned components on fingernail clam gills to determine which component 
has the greatest toxicity, (5) analyze the most toxic component to provide 
specific chemical identification of the toxicant or toxicants, (6) verify the 
identification by measuring the toxicity of the pure chemical (obtained 
from a chemical supply house) to fingernail clam gills and intact clams, and 
(7) make recommendations to the state and federal environmental protection 
agencies regarding control of the toxic material and the prognosis for 
restoration of detritus-based food webs in the Illinois River. 
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